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STUDY OF THE CERN-PS BEAM FOR LHC

12
Single bunch of protons with nominal intensity : Zw =10

500 ms long flat bottom at the injection kinetic energy :

E_=14Gev

Bunch length :

Transverse tunes :

Transverse chromaticities : E




THEORY (1/2)

Single-bunch instability » classical Sacherer’s formula
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THEORY (2/2)

Stabilising mechanisms
Landau damping

Coupling
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Coupled Landau damping




OBSERVATIONS (1/8)
Single-bunch instability

Spectrum Analyzer Beam-Position Monitor
(zero frequency span) (20 revolutions superimposed)




OBSERVATIONS (2/8)
Damping

Stabilisation by Landau damping

oct

I [A]/ 1" [A] _

=> No emittance blow-up during the first 500 ms :




OBSERVATIONS (3/8)

Stabilisation by coupling
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= No emittance blow-up during the first 500 ms :
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OBSERVATIONS (4/8)

Modulus of the normalised skew gradient vs. skew quadrupole
current




OBSERVATIONS (

FROSEN - sz

i s et
FIERF AT P 2L w4

TN,
RN

AR

M IR X -
RREE DL R A LS 4R R

shop BNL. 1999 Elias Metral




OBSERVATIONS (6/8)

Single bunch of protons with ~ultimate intensity : J{Y8 ~1.8x10"

The transverse coherent frequency shifts are multiplied by 1.8
Damping
o Stabilisation by Landau damping
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= No emittance blow-up during the first 500 ms :
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OBSERVATIONS (7/8)

+ Stabilisation by coupling
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- No emittance blow-up during the first 500 ms :
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OBSERVATIONS (8/8)

+ Stabilisation using both skew quadrupoles and tune separation
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PREDICTIONS

8 bunches of protons with nominal intensity :

= coupled-bunch
instabilities

Theoretical stabilising
skew gradient
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The same result is obtained for the ~ultimate beam

skew
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CONCLUSION

The high-order head-tail instabilities of the CERN-PS beam for
LHC (single bunch with nominal or ultimate intensity) CAN BE

DAMPED using coupling only (skew quadrupoles and/or tune
separation)

The coupled-bunch instabiliies SHOULD BE DAMPED also by
coupling only
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